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INTRODUCTION
M easurement of intraocular pressure (IOP) is considered as an essential step in diagnosis and treatment of congenital and pediatric glaucoma, the accuracy of which could be affected by central corneal thickness (CCT) [1] [2] . The most trusted method for measuring IOP is considered the Goldmann applanation tonometer (GAT), and is currently considered as the gold standard [3] . In spite of this, measurement of IOP with this contact method in children has problems that are not found in adults. In addition to the problem of lack of attention in children, the lack of understanding of rational of ocular examination and their cooperation makes it difficult to measure the IOP with this method and reduces the accuracy of the measurement [4] . It is obvious clear that non-contact methods are more expensive as compare as GAT however it would be interesting, particularly from the standpoint of convenience in pediatric age group to consider non-contact methods in measurement of IOP.
A recently introduced non-contact tonometry method, which may overcome the problem of children's lack of collaboration in the contact method IOP measurement, named Ocular Response Analyzer (ORA; Reichert, Buffalo, New York, USA) and measures the biomechanical response of the eye to a rapid air jet-induced deformation at the cornea [5] . This device measures 2 corneal characteristics, which include corneal hysteresis (CH) and corneal resistance factor (CRF) [6] . Besides, this device has 2 types of IOPs, including the Goldmanncorrelated IOP (IOP-G) which is mean of P1 and P2, and the corneal compensated IOP (IOP-CC). The IOP-CC is designed to be less affected by corneal features than the IOP measured by GAT [7] . It has been applied for measurement of IOP and corneal properties among healthy emmetropic and ametropic children [8] .
The Corvis ST (CST; Oculus, Wetzlar, Germany) is also a newly designed non-contact device that examines corneal deformation properties, besides IOP measurements. The device is equipped with a high-speed Scheimpflug camera that can record cornea movements in response to an air pulse [9] . It reports the following parameters: A 1/2 length (A1L, A2L), A 1/2 velocity (A1V, A2V), highest concavity deformation amplitude (HCDA), radius of curvature (RoC) as well as peak distance (PD), besides measuring CCT and IOP [10] . These parameters were successfully measured using the Corvis ST in healthy children [11] . To the best of the author's knowledge, despite the growing number of publications on healthy and non-healthy adults, which assessed the relationship between parameters of ORA and CST against IOP measured by GAT (GAT-IOP) [10, [12] [13] [14] [15] [16] [17] , this association has not been studied in children. Therefore, the aim of the current study was to explore relationships between different parameters of ORA and CST in a sample of healthy Iranian school-aged children. Furthermore, another objective was to investigate the relationship between parameters of these 2 instruments against GAT-IOP, age and gender, and find possible correlation between ORA and CST with GAT.
SUBJECTS AND METHODS Compliance with Ethics Guidelines
This cross-sectional study, as part of the Shiraz Pediatric Eye Study (SPES), received ethical approval at the departmental level performed at Shiraz City which is the fifth-most-populous city of Iran and the capital of Fars Province located in southwest of Iran. Informed consent was signed by all parents of children participating in the study. All examinations and paraclinical investigations were in accordance with the tenets of the Declaration of Helsinki performed free of charge to subjects.
Subjects The SPES is a population-based study including 2400 school-aged children, aged 6 to 12 years old from 4 educational districts of Shiraz, using stratified random sampling. Inclusion and Exclusion All enrolled children were Persian, meaning that they were from 2 consecutive generations of Iranian parents and were living in Shiraz, Iran. Based on structural questioner all cases with systemic and ocular abnormalities and those subjects with history of using medications were excluded. A general interview and complete eye examination were conducted for each case at Salouti Eye Clinic, including uncorrected near and distance visual acuity, best corrected distance visual acuity, external eye examination (strabismus assessment and eyelids evaluation), slit lamp examination, GAT-IOP measurement (in uncooperative subjects, IOP was measured by non-contact air-puff tonometer), Ishihara color vision test and stereoacuity measurement. Study Procedures Ninety pure healthy children, who had successful GAT-IOP measurement, were selected for further evaluation using ORA and CST. To compensate for the effect of diurnal variation, all measurement with GAT (Haag Streit, Könitz, Switzerland), CST (CST, Oculus, Wetzlar, Germany), and ORA (ORA, Reichert, Buffalo, New York, USA) were performed by a single examiner (Gharebaghi R) between 09:00 a.m. and 02:00 p.m. The GAT was set at 10 mm Hg prior to each measurement and IOP was taken following instillation of Tetracaine topical anesthetic eye drops (i.e. Tetracaine 0.50%, Sina Daru Co, Tehran, Iran), with fluorescein staining. The order of ORA or CST was randomly selected per case. Patients were given around a 1-hour interval after GAT or ORA measurements. The CST measurements were done 3 times and the following parameters were extracted from print out of CST: A1L, A2L, A1V, A2V, HCDA, RoC, PD, CCT, and IOP. Test quality was proved based on "OK" quality index, presented on the CST monitor. Patients were given around a 1-hour rest after GAT or CST measurements. The ORA measurements were done 3 times and the following parameters were extracted from print out of CST: CH, CRF, IOP-G, and IOP-CC. Test quality was proved based on quality index score of above 7.5 for each test. Data Analyses Sample size calculation was performed using a single mean formula with the level of significance set at 0.05. Extracted data were analyzed using the Statistical Package for Social Science software (ver. 22.0, SPSS, Inc., Chicago, IL, USA). Data are shown as mean±SD. Correlation coefficients between both eye parameters were conducted. Also, correlation coefficients between all CST parameters (A1L, A2L, A1V, A2V, HCDA, RoC, PD, CCT and IOP) and GAT-IOP, age and gender were calculated. The same calculation was conducted between ORA parameters (CH, CRF, IOP-CC and IOP-G) and GAT-IOP, age and gender as well as between all CST parameters and ORA parameters. The agreement between the methods of IOP measurement was investigated through Bland-Altman plots. P values less than 0.05 were considered statistically significant. RESULTS This study included 90 healthy school-aged children, 39 males with a mean age of 9.08±1.60 (6-12)y and 51 females with a mean age of 8.96±1.83 (6-13)y. Table 1 demonstrates a summary of subjects' characteristics. Mean±SD of GAT-IOP in the right and left eye of males and females was 13.18±2.42, 14.26±1.77, 13.33±2.25 and 14.02±1.81 mm Hg respectively. Table 2 shows the correlation between CST and ORA parameters against GAT-IOP, age and gender. Corneal resistance factor, IOP-G and IOP-CST were significantly related to GAT-IOP in the both eyes; CH was significantly related to GAT-IOP in the right eye and IOP-CC, HCDA, A2L, PD and RoC were significantly related to GAT-IOP in the left eye. However, other parameters were not significantly correlated. Also, except for A2L (r=-0.212, P=0.045) in the right eye, age had no significant relationship with other CST and ORA parameters. Interestingly, CCT-CST in both eyes and A1L in right eye had a significant correlation with gender, although this was a negligible negative correlation. Table 3 shows the relationship between CST and ORA parameters. CH was significantly correlated with A2L in the right eye, and CCT and PD in the left eye. Also, a significant relationship was found between CRF and IOP-CST, CCT-CST, and A2L in both eyes; A1V in the right eye and HCDA, A2V and RoC in the left eye. However, other parameters were not significantly correlated. Moreover, IOP-G was significantly correlated with IOP-CST, CCT-CST, HCDA and RoC in both eyes; A1V and PD in right eye; and A1L and A2V in left eye. Finally, IOP-CC was significantly correlated with IOP-CST, HCDA and RoC in both eyes, A1V and PD in right eye and A2V in left eye. These findings could be interpreted as [18] significantly low positive correlation between IOP-G and GAT-IOP and negligible correlation between IOP-CC and GAT-IOP in both eyes, negligible correlation between IOP-CST and GAT-IOP in the right eye, and low positive correlation between IOP-CST and GAT-IOP in the left eye.
DISCUSSION
In this cross sectional study, GAT, CST and ORA measurements were carried out in 90 healthy school-aged children. Some CST parameters had a significant correlation with GAT-IOP, including IOP-CST in both eyes, and HCDA, A2L, PD, and RoC in the left eye, yet none with age, except A2L in the right eye. The CRF measurement showed a significant correlation with GAT-IOP in both eyes and CH in the right eye, yet none with age. Among all CST and ORA parameters, CCT-CST in both eyes and A1L in right eye had a significant correlation with gender, although this was a negligible negative correlation. Many CST parameters were significantly correlated with CH, CRF, IOP-G, and IOP-CC. Comparisons of mean IOP values by different devices showed a significantly highest IOP overestimation by CST and lowest by IOP-CC compared with GAT. Also, IOP-G versus IOP-CST had a significantly lower IOP overestimation, among others. Overall, either low positive or negligible correlation was found between the IOP measurements by 3 instruments.
In the current study, CRF was significantly related to GAT-IOP in both eyes, similar to previous studies on adult subjects [5, [19] [20] [21] [22] [23] and one study on nanophthalmos children [24] . However, CH had a negligible correlation with GAT-IOP in the right eye and no correlation in the left eye, which is in agreement with previous reports among adult subjects [20] [21] [22] [23] , and one study on nanophthalmos children [24] . Although reduction in these 2 parameters was shown with age among adult subjects [22, 25] , age was not significantly correlated with CH or CRF in the current study. This may be due to the narrow age range of the subjects or natural differences in values of ocular parameters among children compared with their adult counterparts. Previous studies revealed the correlation of A1 time and A1V with GAT-IOP, both in healthy [26] and glaucomatous [10] adult subjects. In contrast with the mentioned studies, the current research did not find a significant correlation between A1V and GAT-IOP in both eyes. However, some CST parameters had a significant correlation with GAT-IOP, including IOP-CST in both eyes, and HCDA, A2L, PD, and RoC in the left eye. The possible justification for this difference could be the difference in the age or racial background of the current study subjects with previous studies as indicated by a recent Meta-analysis regarding CCT and IOP among healthy children, published by the current authors [27] . For instance, there are various hypothesis that race could influence the biometry of the eyes [28] . However, further studies with more samples on multiple age groups as well as different races are needed to reliably disclose the underlying cause. One possible explanation for negligible or low interocular difference could arise from some physiologic Vol. 11, No. 8, Aug.18, 2018 www.ijo.cn Tel:8629-82245172 8629-82210956 Email:ijopress@163.com differences between two eyes. However, to elaborate exact etiology of those differences, further well-designed cohort studies with long follow-up period and high sample size seems to be necessary. The current study compared non-contact IOP measuring tonometer, including ORA and CST with a contact tonometer, GAT, which is a routine instrument for IOP measurement, universally. It was firmly evident that due to significantly low positive or negligible correlation, none of these 2 non-contact tonometers can replace the GAT. Also, IOP-CST showed a low positive correlation with both IOP-G and IOP-CC, which indicates that these 2 tonometers were different from each other [16] . Although a range of environmental and genetic factors are contributed to ocular parameters, we assume that socioeconomic status of the family and environmental factors which may be related to level of malnutrition should be related too. This may require additional investigations as longitudinal studies to classify subjects based on their socioeconomic status in measurement effect of environmental factors on ocular anatomy and physiology [2, [27] [28] . A possible limitation of the current study was the cross sectional design. Also, this study did not allocate subjects to different age groups due to narrow age range of enrolled cases. Finally, a future study should be performed to evaluate reproducibility of the CST and ORA parameters among children and costeffectiveness of these procedures. As stated in methods, Shiraz City is located in southwest of country therefore our results are related to this specific geographical region could not be generalized to county population or Middle East. The current study could contribute to better knowledge of 3 tonometers and their correlation among children, which was the first investigation on this age group. Importantly, these results suggest that they have either no or negligible correlation with each other, which should be considered in clinical practice, particularly for the management and evaluation of glaucomatous children.
In conclusion, results of the current study revealed significantly highest IOP overestimation by CST and lowest by IOP-CC compared with GAT. In addition, IOP-G versus IOP-CST showed a significantly lower IOP overestimation, among others. Overall, either low positive correlation or negligible correlation was found between IOP measurements by 3 instruments. The CST and ORA parameters had no significant correlation with age, and CCT-CST in both eyes and A1L in right eye had a significant negligible negative correlation with gender. However, many CST parameters were significantly correlated with CH, CRF, IOP-G, and IOP-CC.
